Abstract. Uptake of magnesium from a sand, fine sand, muddy clay, silty clay and heavy clay soil under exhaustive cropping with perennial rye grass was studied in green
An application of 0.5 gMg as MgSCJ 4 ■ 7 H s O per the 5-liter pots increased slightly the total yield of rye grass shoots and markedly the amount of Mg harvested in the shoots from the sand and fine sand soils with an initial content of only 14 and 37 ppm exchangeable Mg, respectively. No respond to the application of Mg was detected in the silty clay and heavy clay soils which contained exchangeable Mg 226 and 910 ppm, respectively. The muddy clay soil contained 137 ppm exchangeable Mg, and the application of Mg markedly increased the amount of Mg harvested in the shoots, but brought about a decrease in the yield of shoots.
The amount of Mg harvested in the shoots without the application of Mg was only in the sand and fine sand soils higher than the original content of exchangeable Mg. Yet, in all soils except in the muddy clay, the decrease in the content of exchangeable Mg during the cropping was lower than the amount of Mg harvested. This was taken to indicate that some release of nonexchangeableMg did occur during this trial. According to a rough estimation this mobilization of Mg varied from 0 to 60 ppm, whereas the corresponding release of nonexchangeable K was 500 1000 ppm, except in the sand soil.
The »exhaustion Mg*, or the sum of Mg harvested in the shoots of rye grass and the exchangeable Mg in the soil after cropping, was in all soils of the same order as the amount of Mg extracted by 0.05 N or 0.1 N HCI from the original soil samples.
Nonexchangeable potassium released mainly from the clay fraction during a growing season may supply a marked part of the K in crops. The release of nonexchangeable Mg seems to be much slower (Michael and Schilling 1957) , although under exhaustive cropping the uptake of Mg by plants may be somewhat higher than the corresponding decrease in the content of exchangeable Mg in the soil (Salmon and Arnold 1963 , Schroeder et al. 1963 , Rice and Kamprath 1968 .
Finnish mineral soils are relatively rich in total Mg and also their content of exchangeable Mg is quite high, particularly in clay soils (Kaila 1973 The trial was started in the summer 1968 when 40 seeds of perennial rye grass was sown to each pot. The shoots were harvested at unregular intervals until one of the replicates did no more grow. This happened with the sand soil after the fifth harvest, but the growth in the heavy clay was quite vigorous even until the twelfth harvest, when the trial was ended in the spring 1971.
The shoots of each replicate were at each harvest separately analysed for their content of Mg by dry-ashing. The soil from the pots without the application of Mg were at the end of the trial air-dried, and the roots were separated before grinding.
The original soil samples were analysed for their content of Mg soluble in 0.025 N CaCl 2 , 0.01 N HCI, 0.05 N HCI and 0.1 N HCI at room temperature, and in 0.05 N HCI, 0.1 N HCI 0.5 N HCI and 1.0 N HCI at 50°. The ratio of soil to solution was in all cases 10 to 100. The extraction at room temperature was performed by shaking for one hour, and at the higher temperature by keeping the suspension at 50°C for 18 hours. Mg in the extract was measured by a Perkin Elmer atomic absorption spectrophotometer 290.
Results
The total yields of rye grass shoots (Table 2) were only slightly increased "by the application of Mg in the sand and fine sand soils. In the other soils no positive response was found: the total yield in the muddy clay soil was even somewhat decreased by the MgS0 4 applied. Yet, the total amount of Mg harvested from the muddy clay was markedly increased by the Mgapplication, as it also was the case with the Mg-yields from the sand and fine sand soils. In the silty clay and, particularly, in the heavy clay soil, the available Mg was so high that no distinct response was detectable. The very good supply of Mg in the heavy clay soil is apparent also in the fact that the growth and the uptake of Mg from the sample diluted with quartz sand were not significantly lower than from the undiluted soil.
Without an application of Mg only five harvests of rye grass shoots could be obtained from the sand soil. The amount of Mg in this material corresponded to 16 ppm of the soil (Table 3 ) which seems to be somewhat higher than The release of nonexchangeable K from these soils during cropping was also estimated in the same way and supposing that the K applied as soluble salts was totally taken up by the crops. Except in the sand soil, the release of K appeared to be fairly high and quite of an other order than that of Mg.
In their paper about uptake of Mg over exhaustive cropping Salmon and Arnold (1963) use the term »exhaustion Mg» to mean the sum of the amount of Mg taken up by the plants and the content of easily exchangeable Mg in the soil at the end of the cropping. The »exhaustion Mg» of the present soils (Table 4 ) ranges from about 0.5 per cent of the total Mg in the sand soil to 5 per cent in the heavy clay soil. It is in all soils only a small fraction of the amount of Mg released by the treatment with N HCI at the higher temperature.
It is of the order of the amounts extracted by 0.05 N HC.I or 0.1 N HCI at the room temperature.
According to Schachtschabel (1954 and 1956 ) sandy soils with less than 40 ppm and clay soils with less than 120 ppm of Mg extractable with 0.025 N CaCl 2 are deficient in Mg. These test values in Table 4 classify the sand and fine sand soil distinctly deficient in Mg, the silty clay and heavy 
Discussion
There were several weak points in the present study. The growing conditions during the first months were not proper, and the growth during the winter months was scanty. Because difficulties in avoiding contamination with soil, roots were not analysed for their content of Mg. On the other hand, the amount of Mg in the seeds was not taken into account. It is also likely that in this kind of longterm pot trial other factors than the supply of available Mg restricted the growth of rye grass.
Even in spite of the numerous sources of error, it seems that some release of nonexchangeable Mg did occur during cropping in these soils, except in the muddy clay. It is possible that even in this soil some nonexchangeable Mg was released, but because of its rather heavy liming, also conversion of Mg to nonexchangeable forms took place (cf. McLean and Carbonell 1972) . The absolutely low but in relation to the uptake fairly high release of Mg in the sand soil is in accordance with the results reported by Rice and Kamprath 1968) . They explain this release on the basis of the low buffer capacity of sand soils which allows the H-ions from the roots to be quite effective in extracting the Mg from nonexchangeable forms. In this trial the end pH of the sand soil was only 4.3. Schachtschabel (1956) used 0.05 N HCI for the extraction of the available Mg and the easily mobilizeable reserve Mg. In the five soils of the present study the »exhaustion Mg» was equal or somewhat higher than the Mg extracted by 0.05 N HCI. It is obvious that a treatment of soil with N HCI or other acid at a higher temperature will give a far too high estimate of the reserve Mg of soil. In the present study, the »exhaustion K» corresponded in the sand and fine sand soil to about 80 % and in the clay soils to 30 40 % of the K extracted by N HCI at 50°C.
